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(57) Abstract 

A system for processing a plurality 
of tests or syntheses in parallel compris- 
ing a sample channel for moving samples 
into a microlaboratory array of a plurality 
of wells connected by one or more chan- 
nels for the testing or synthesis oif samples, 
a station for housing the array and an optical 
system comprising at least one light source 
and at least one light detector for measur- 
ing the samples in the array, and a means of 
electrically connecting said array to an appa- 
ratus capable of monitoring and controlling 
the flow of fluids into the array. Samples are 
loaded from a common loading channel into 
the array, processed in the wells and mea- 
surements taken by the optical system. The 
array can process many samples, or synthe- 
size many compounds in parallel, reducing 
the time required for such processes. 
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A PARTITIONED MICROELECTRONIC DEVICE ARRAY 

This invention relate* to a system comprising a partitioned 
microelectronic and fluidic array. More particularly, this invention relates to 
rsystem including an array of microelectronic and fluid transfer devices for 
carrying out various processes, including syntheses, screemng and chenucal 
diagnostic assays, in parallel, and method of making the array 

Traditional methods of making a homologous senes of compounds or 
the testing of new potential drug compounds comprising a senes of like 
compounds, has been a slow process because each member of the senes or 
each potential drug must be made individually and tested individually. For 
example, a plurality of potential drug compounds is tested by using an agent to 
test a plurality of materials that differ perhaps only by a single amino acid or 
nucleotide base, or have a different sequence of amino acids or nucleobdes. 

Recently the process has been improved somewhat by combining Uie 
synthesis of various compounds having potential biological activity, for 
example, and traditional semiconductor techniques. A semiconductor or 
dielectric substrate for example is coated with a biologic precursor having such 
amino groups with a light-sensitive protective chemical thereover, and a senes 
of masks are placed over the substrate, each mask having an opening. A 
Lpling agent such as a photosensitive amino acid, is iUuminated through the 
opening! foLing a particular compound by reaction with the amino compound^ 
Additional masks are used with different coupling agents to form an array of 
different peptides on the substrate which array can then be tested for biologic 
activity. Suitably this is done by exposure of the array to a target molecule 
such as an antibody or a virus. The array is exposed to a biologic receptor 
having a fluorescent tag, and the whole array is incubated with the receptor 
the receptor binds to any compound in the array, the si* o the fluorescent 
tag can be detected optically. This fluorescence data can be ti^ansnutted to a 
computer which can compute which compounds reacted and the degree o 
reaction. This technique permits the synthesis and testing of thousands of 
compounds in days rather than in weeks or even months. 

However, the synthesis of each coupling reaction is not always 
complete, and the yield decreases as the length of the biopolymer increase. 
The process of aligning a plurality of masks and forming openings in the 
masks in sequence requires careful ahgnment and takes tune. 

The above synthesis is made possible by two other recent technical 
developments that allow various manipulations and reactions on a planar 
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r tit— WW detected by high sensitivity sensors. 
Sr P ™ or — ^ DNA fragment* - identify diseased ce..s for 

^Another step forward is the ability to separate materials in a 
raicroch^d and I abiUty to move fluids through such rmcrochanne.s. This 
nucrochannel, an electro-kinetic processes such as 

is made possible by use van 

electrophoresis or electro-osmosis. Fluids may oe pr v ..... 
^channels by electro-osmotic forces. An electro-osmotic force is buflt up 
» to channel via surface charge buildup by means of an external voHage that 

L and cause flow. This surface charge and externa, voltage 

ZZ an electro-kinetic current that results in fluid flow 

- Kocia for a device is described by race 
Such electro-kinetic processes are the basis tor a aevice 

in US Patent 4,908,112 for example. 

Thus real progress has been made using e.ectroph.res.s and/or elerfro- 

osmosis to move very smal. amounts of materia.* along Such 
movement can be used for synthesizing very small samples of potent, al drug 
compounds in an array and testing very small amounts of materials for 
Zctivity. Further progress in fully automating the fluids processes ™U 
"n the synthesis and testing of vast numbers 
bioactivity of all types, which information can be made available for future 
drug selection and will greatly reduce the time and expense of sud. 

The system of the invention comprises a device array of micron sized 
„elU and connecting channels in a substrate that interfaces wito a stationfor 
dispensing fluids to and collecting fluids from, the array, and for performing 
d cTZic measurements of materia, in the wells. The station is also 
nn cted to contro. apparatus means to contro, the fluid flow to thechannels 
and wells and to collect measurement data from the substrate. The above 
eTet.:! are interdependent and together can perform a variety of tasks ,n 

""""'The individual wells of the array and their sequence can be varied 
depending on the synthesis or analysis to be performed. Thus the function of 
tooT^ys can be rladily changed, with only the additional need to choose 
Lterface means for monitoring and controlling the flowof fluids to the 
articular array being used and the test or synthesis to be performed. 
' Torlbodiment the above system can be used to perform various 
cUnica. dlagnosUcs, such as assays for DNA in parallel, using the known 
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technology for DNA assay. In another e " „ , lel for scree ning 

u8ed for immune for — o— ;s » a series of 

= asir— o f ^ - • 

paralle,. Each we., in the -^'^^ ^Lining the number of 
appropriate modu.es on a subs*aU, ^ ^ ^ ^ t „ 

wells required to complete each task. means of connecting 

a sample source an^ to a source « fad^ ^ ^ ^ 
microchannels. Th>s capabuity p ^vement in statistics of 

disease not possible by seouenfal becau3e ot the 

broad based clinical assays »* , improvem ent in the speed of 
Z^Z^^Z^l for rapid, advancing 

disease " j . dielectric substrate and the channels 

rrr. „ flrrav ; s formed in a suitable aieiecint 

The array is iorm semiconductor patterning 

«„l wMla are formed therein using maskless semic 
te » ™ e station and control means, such as a compute, use e.st.ng 

THe present 8 ^ thesis ^d screening. Further, 

the array, reducmg *• ""^"^ bB J^ised and processed while 
large biopolymers of all type* .« .J com p OUn ds. The present 
maintaining high punty of the synthes *ea F ■ 

moratory arrays ™^«^— J ^o Z aly, from one 
samples, ^^ft^ ZZ2 measurement of assays and the 
well to another well, and to tem p e rature control, 

compiete control of processus , parameter such P ^ ^ 

T he .eachmgs of the pre ent ^ ^ 

understood by cons.denng the follow.ng 

^Ulf-^S=S." o-pU of the system of 
- ^I^^STiZ^ Ulustrating a sing, 



module formed therein must rative module of the invention. 

^^^7 of a we,l embodiment of a 
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microlaboratory disc of the invention. 

Fig. 4B is a cross sectional view of another well embodiment of a 

microlaboratory disc of the invention. 

Fig. 5A is a cross sectional view of a portion of a module of a 
microlaboratory disc illustrating devices in typical wells. 

Fig. 5B is a cross sectional view of a portion of a module of a 
microlaboratory disc covered with a cover plate. 

Fig 6A is a cross sectional view of a microlaboratory disc illustrating 
additional wells having preformed devices therein together with an optical 
system interface. 

Figs. 6B and 6C illustrate a valve situate in a channel adjacent to a 
well in the open and closed positions respectively. 

Fig. 7A is an exploded schematic view of another embodiment of the 
present invention adapted to perform immunological assays. 

Fig. 7B is a top view illustrating a module on the microlaboratory disc 

ofFig. 7A. . 

Fig. 7C is a cross sectional view of a control means for moving fluids in 

the channels and from one well to another. 

Fig 8 is a schematic view of another embodiment of a microlaboratory 
array suitable for carrying out the parallel synthesis of proteins and 
oligonucleotides. 

Fig. 9 is a schematic view illustrating a modified station for the system 

Fig 10 is a schematic view of a further embodiment of a 
microlaboratory array suitable for carrying out the synthesis of a large 
number of small molecules in parallel. 

Figs. 11A, 11B and 11C are cross sectional views illustrating the steps 
needed to form cross over channels in the substrate. 

Fig 11D is a top view of a cross-over channel in the substrate. 

Fig. 12 is a top view of a channel "gate" electrode to control flow in a 

channel by electro-osmosis. 

The invention will be first described by reference to Fig. 1A, which 
illustrates the parts of an illustrative system of the invention configured to 
perform DNA screening diagnostics. 

The system of Fig. 1A includes a computer 10, electrically connected via 
line 11 to peripheral apparatus, such as a modem or printer 12, which 
computer 10 is programmed to give instructions to a microlaboratory disc 14 
and to record test results obtained therefrom. The computer 10 is electrically 
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ifi v in line 15 The station 16 includes a 
connected to a station " ^'^^ 20 for loaiing test materials 
nucrolaboratory drsc support £^°™ B ^ fcr moving fluids to 
and reagents onto the nucrolaboratory Qisc xt, pum F 

12 destinations on the disk 14, one or more light sources 24. an optical 
particular ues ,i„i— ton 26 The optical fiber 25 is operative to 

fiber 25 and one or more bght detectors -50. i v 

transmit light from the light source 24 to the detector 26. One or more 
ti ana & housed in the station lb. 

containers 28 for waste fluids and the like are also hou 

A small volume of a fluid to be tested, such as a whole blood or other 
DNA-containing fluid sample, is loaded into the system via a loadmg system 
sysTm 30 may house one or more capillary tubes 32 containing" 
Ipt wMcl is connected to a loading capillary channel 34 etdiec Unto the 
surface of the nucrolaboratory disc 14. The loading capillary tube 32 , 
u^rUd Lo the capillary loading channel 34 horizontal*. The .ample . 
ZZtZ*. capUU^ry loading channel 34 and the 

to a first well 36 on the disc 14. Alternately, a loading channel 50 for vertKal 
insertion into the loading channel 34 can also be used to load the samp.. F g. 
!B and Fig 2 illustrate a particular module comprising a plurahty of wells 36, 
S^and 44 connected by a channel 38, shown by a dashed hne, on a 
nucrolaboratory disc 14 o, the invention. Each module is connected to awrf 
46 that collects excess or waste fluids from the 

waste fluids are collected and moved to the waste containers 28 u, the station 

W ' The sample is Wed sequentially in a series of wells including first weU 
36 For example in the first well 36 the whole blood sample is transferred 
L the ca^ loading channel 34, filtered and lysed to separate the wh£ 
anTred corpuscles, and the DNA is isolated from the white blood cells. The 
TOA sampTe is then moved out of the first well 36 through a connecting 
cTnem *at connects all of the wells of a single module, and into a second 
cnannei oo mi separated into single strains and 

weU 40. In ^-^^tll The treated sampie is then 
• Z*l:Z "welZa the connecting channel 38 and io*. . third 
ZTL the third weU 42 *e DNA is assayed by known £££££ 

TK« DNA assay is detected and evaluated in the fourth well 44. 

uke are collect frn „ s f er red into the waste collection system 

nucrolaboratory array 14, and is transferred inw 

28 of the station 16. 
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The combination of a loading channel 34 or 50, the wells 36, 40, 42, 44 
and 46 and the connecting channel 38 make up one module 48 on the test 
microlaboratory disc 14. A single module on a microlaboratory disc 14 is 
shown in top view in Fig. IB within the dashed lines. As will be explained 
hereinbelow, a plurality of modules are formed in the microlaboratory disc 14 
so that tests can be performed on a large number of the modules 48 m parallel. 

The particular sequence of channels and wells of the module shown in 
Figs 1A IB and Fig. 2 lends itself to the detection of pathogenic bacteria in 
blood or other DNA-containing fluids using the DNA assay protocols of Greisen 
et al see "PCR Primers and Probes for the 16S rRNA Gene of Most Species of 
Pathogenic Bacteria, Including Bacteria Found in Cerebrospinal Fluid", J. 
Clinical Microbiology 22 (2), p P 335-351 (1994). Since the disc 14 can be 
arranged to form a plurality of up to 1500 parallel modules, broad DNA 
screening can be conducted in parallel that might not be possible using a 
system of sequential assays. Since a large array of parallel tests can be done 
at the same time, the time required to obtain meaningful results is also 
reduced, and consequently costs are reduced. Further, the statistics of broad 
based screening can be improved. In addition the system of the invention 
provides the ability to detect mutant DNA such as is found in oncological 
diseases 

The station 16 includes a fiber optic assembly 25 and one or more light 
sources 24 and one or more detectors 26 (not shown) that address the system 
loading channel 34 or 50 and measures the transmittance or absorbance of 
material in the channel 34 or 50 and the first well 36, such as a blood or other 
fluid sample. The fiber optic assembly 25 can verify the presence or absence 
of materials in the channel 34 or 50 or the well 36, and quantify their amounts 
by transmitting the measurement data to the computer 10. Suitable lasers 
and photodetectors are available commercially. Fiber optic adaptors to 
support the optical fiber are commercially available. These adaptors may 
also include a lens for efficient transfer of light from the light source into the 

fiber. , , ii i 

Preselected substrates, designed either for modular parallel or array 

processing, can be placed on the substrate holder 18 in the station 16. After 

suitable modification of the software in the computer 10 or choice of other 

driving means able to monitor a particular sequence of steps for control of 

reagents to carry out the processes in each module of the microlaboratory 14, 

entirely different tests and processes can be carried out in the system of the 

invention. Thus the microlaboratory array 14 is individually designed for a 
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different task is to be performed. ^ 
A circuit of thin film transistors (not shown; can ue 
A circuit 01 . 4 to Drov ide power to the wells via 

or back of the glass or other and to connect them with 

leads and electrodes explained further ^""^ the 

the driving means such as ^ "^ ^ ro t which 1 addressable 
array. Pins can also be formed » „ the computer 10 for 

h, ^ circuits on will also be in contact with the 

sample. These £^ * ^ m interface between the 
substrate 14 on the support 18 to pro™ 

The system ioaa suitably having 

connected to a loading capillary tube 32, as shown in & > 

Annular of about 200 microns and an outer diameter of about 600- 

n Capillaries with Hydrolytically Stable Surface Structures , Anal 
rT T ^1990) PD 2478-2483. All of the sample matenal is loaded into the 
Chem. 62,(1990)pp^'Y capillary tube 32 can be loaded 

system via the system loader 30. Thej « «^ channe , 

horizontally ^ r other high density code 

The sample is identified, as wun a oax w 
34. l ne sampi« position on the disc array. As 

affixed to the loading ary^be M as by.. P ^ ^ ^ ^ 
the sample '-^ tube J « niserUd ^ ^ ^ ^ ^ 

which can be adhered to the edge ot t P Alternately, 

the sample capillary tube 32 can be ^ ^ 

50 verticaUy, which 38 through force of gravity 

• ^ ir— ~~V - 22 «■ ^ stati ° n 16 

This alternate configuration 5 0 is also sh Figs- ^ microlaboratory 
The heart of the present ^^^Z^. IB. Figs. IB 

disc 14, shown » ^Zl^n^^Zy disc 14, which is suitably 
and 2 illustrate a single module on a mi" u 

ttb ° Ut ET££TTS- microlaboratory array is made up of one or more 
weU s — £ channel, in turn connected to the loading capillary tube. 
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The microlaboratory disc 14 itself can be made from glass, fused silica, quartz 
or a silicon wafer for example, suitably about 1 miUimeter thick that » able to 
be finely and controllably etched using semiconductor techniques and a 
suitable etchant such as HP. High quality glasses such as a high melting 
borosilicate glass or a fused silica, will be preferred for their UV transmxssxon 
properties when any of the processes or measurements earned out in the wells 
or channels use light based technologies. The module 48 illustrated m Fag. IB 
comprises four connecting wells, but this is by way of example only, and more 
or fewer wells can be present depending on the tests or syntheses to be 
performed in each module, and the number of steps required to perform them, 
as will be farther described hereinbelow. 

The desired number of wells are etched into the microlaboratory disk 
sufficient to perform the sequence of steps to be used for testing or synthesis 
for that particular microlaboratory disc. All of the wells in each module are 
connected together via one or more channels. The modular design permits 
efficient placement of each module on the disc substrate. When only a few 
wells are required for each module, two modules can be formed in each radial 
slice of the disc (not shown), thereby doubling the number of modules that can 
be etched into a single microlaboratory disk 14. Thus for an 8.5 cm diameter 
disk an array of 267 single modules or 534 double modules can be readily 
made When the sample is inserted vertically into the loading channel 50, 
which takes up less area of the substrate, additional modules can be 
accommodated on a single microlaboratory disc, and up to 1500 modules can 
be formed on a single microlaboratory disk 14. Each of the modules is 
connected to the system loading system 30, thus permitting parallel 

processing in all of the modules. 

Excess fluids and waste materials for all of the modules are passed into 
a center weU 46. A plurality of wells 46 may be connected to each other by 
means of a common channel 47 (Fig. IB). A sealed tubing on the back of the 
substrate 14 provides an exit channel for these excess fluids that can be 
passed into the waste container 28 in the station 16. Thus only one exit 
channel 47 needs to be provided for each microlaboratory array. 

The wells of the microlaboratory disc 14 can be made by the following 
procedure. A glass substrate disc 14 is coated sequentially on both sides with 
a thin chromium layer and a gold film about 1000 angstroms thick in known 
manner, as by evaporation or chemical vapor deposition (CVD), to protect the 
disc from subsequent etchants. A two micron layer of a photoresist, such as 
Dynakem EPA of Hoechst-Celanese Corp. is spun on and the photoresist is 
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exposed either using a mask or using square or rectangular images, suitably 
exposed, ewner u** b Technology. Inc. After developing 

using an MRS 4500 panel stepper of MRS 1 ecnnoiogy , ±n i- 
using am xx r . . bakin e the resist to remove the 

the resist to form openings therein, ana DaKing * 

solvent the gold layer in the openings is etched away using a standard etch of 
W of S and'l gram of iodine <I 2 ) in 25 ml of water. The underlying 
chromium layer is then separately etched using an acid chromium etch such 
as KTI Chrome Etch of KTI Chemicals, Inc. The glass substrate s then 
ZeS in an ultrasonic bath of HF-HN0 3 -H 2 0 in a ratio by volume of 
14:20:66. The use of this etchant in an ultrasonic bath produces vertical 
sidewalls for the various wells. Etching of the wells is continued until the 
desired depth of the well is obtained, suitably about 200-750 microns deep, 
depending upon the functions to be performed in the well. 

The connecting channel 38, suitably about 200 microns m width and 50- 
100 microns deep, is then etched between the wells, when the remaining 
photoresist and chromium-gold layer is removed. 

Fluid material may be transmitted to the various wells from the firs 
well 36 or from the loading channel 34 by various methods. An external 
m echanical pumping system 22 that can deliver fluid in 
accurately controlled amounts and that can maintain the purity and sterility 
of test liquids can be employed. The 205U multichannel cassette pump 
available from Watson-Marlow, Inc is a suitable pump. Alternatively, 
nuniaturized mechanical pumps, based on - croel ™ C ^ 
(MEMS) can be used. These miniature pumps may be internal or exte nal to 
each well 36, 40, 42 and 44. Such pumps have been reported by Shoujt al, 
-Fabrication of a Micropump for Integrated Chemical 

Electronics and Communications in Japan, Part 2, 2Q, pp52-59 (1989). Other 
suitable pumping means to move fluids through microchannels include 
electronic pumps as reported by Dasgupta et *\™ ™*«™ S ™°^ 
Reliable Fluid Propulsion System for Flow Injection Analysis , Anal. Chen, 
gfi p P 1792-1798 (1994), or electrophoresis methods, which require inert metel 
electrodes, can also be used. In the latter case, a gold electro e c^ 
deposited in the various wells of a module, as shown for example as metal 
%^nto*^«»**«*^*»^*»* 4A. The electrode 
54 is connected via leads 55 to a circuit or other electrical connection 56. 

men large amounts of fluid need to be passed through the connecting 
channel 38, such as diluents, buffer solutions, rinse solutions and the like an 
"l mechanical pump 22 in the station 16 will be used to pass these 
ouTon through the channel 38 into the desired well. When smaller amounts 
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«F material are required, an on-disk internal pumping system can be used for 
°^r e mZ: Further, prepacked chemicals sealed in plastic re^ase 
Ltainers can be deposited in the various wells for particular tests, as 

the case where the temperature of a particular well is to be 
monitored or changed, a means of heating or cooling the well is bunt into the 
well, as will be further explained below with reference to Fig. 4B. 

The first well 36 in this example is the sample preparation well. A than 
film of a suitable metal oxide 57, such as tin oxide or indium tin oxide is 
deposited onto the well material and is connected by means of an electncaUy 
conductive metal connection 58 to the end or outer edge of the well 36 The *n 
oxide coating 57 serves as a heater element for the well 36. The wel 3 6 *o 
has a surface bimetal film 59 and leads 60, suitably made of chrome -alumel 
alloys, forming a thermocouple to measure the temperature in the well when a 
source of current is applied to the tin oxide coating 57 and to the leads 58. A 
voltage applied to the well 36 via electrodes 56 deposited on the backside as 
shown, or preferably on the frontside of the microlaboratory chsc 14, rebates 
the temperature in the well. The amount of current apphed can be regulated 
by the computer 10 in response to the temperature measured through the 
leads 60^ ^ ^ ^ ^ ^ ^ & ^ 

binding material, (not shown) such as Leukosorb™ avai l a ble from Pall Co. 
and commercially available solutions to lyse the red and white blood cells of 
the sample and to carry the DNA from the first well 36. 

Thus the devices and certain reagents needed for each well will be 
preformed and loaded into the well or directly pumped into the well from a 
common source. Fluids can be preloaded into the well either from a reservoir 
in the station 16 leading to the loading capillary tube 32 connected to the 
microlaboratory disc 14, or a reservoir and channel into the well may be 
formed adjacent to the well in which the fluids will be used. 

Additional devices can be built into the wells. For example, a means of 
stirring reactants can also be built into a well using alternating fields For 
example, two or more electrodes can be evaporated into each side of a well and 
connected to external leads, in turn connected to a source of alternating 
current. The alternating fields will provide reversible magnetic fields to move 
paramagnetic particles in the wells and to cause, as well, fluid movement in 

shown in Fig. 5A, paramagnetic beads 61 are deposited in the 
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second well 40 of the present module 48, to bind DNA material and to move 
secona weu v amplification, detection and assay. These 

the DNA to the succeeding wells for ampimca laboratories 

• ii„ a «ailahV for PCR protocols from Bang Laboratories 
beads are commercially available ior rou v 

ofCs ZVK for example. The W e>, 40 is also connected by means of .eads 66 

10 *' teTlf L wells have been prepared and .oaded, a rfass 

63 is ZTto the ^laboratory disc 14, as shown in Fig. 5B, to complete a 

ba is amxea w m . , q8 _ n j to en8 ure that fluids in 

canillarv structure for the connecting channel dB ana to en 

capuiary aw , made of the same or 

the wells do not evaporate. The cover plate 63 can be maae 

me weiia uui r ... . u ut the thermal coefficient of 

different material as the microlaboratory disc, but tne * 

expansion of the cover plate 63 and the material used to make the 

Jcrollboratory disc 14 must be similar. The sealing temperature required to 

" he clerTlate 63 to the disc 14 must also be below the flow temperature 

of t rik material to prevent distortion of the etched channels and wells. The 

Totl™c&L to seal the cover plate to the disk is suitable because 

Zl ing ^itke place at a lower temperature than the flow temperature e.g 

altt 7o"o C or less, which is well below the flow temperature of silicon, about 

?400OC or of Corning 7059 glass (about 8440C), available from Corning Glass 

C °" ^vLion will be further explained in terms of examples that 
describe different modules for performing different processes such as assays 
aescnue uiiic „ QT . n iipl However, the invention is not 

and syntheses, simultaneously and in parallel However, Drocesses 
mea nVto be limited to the details described therein and additional processes 
Tnd syntheses can be readily performed by appropriate changes to the 
numbTof wells in a module, the devices formed in or adjacent to he weUs, th 
number and type of devices needed to pass fluids into and out of the wells, he 
number ana vyp rf P vices built onto the disc other than the 

number and type of processing-type devices bum onto 

modules, and the like. 

passed into the loading channel 34 . -the .leading 

i • ^ a K„ V p The sample then moves by application of an 
channel 50 as explained above, ine samyic 

cnannei ou as. y M 3g thr0 ugh the 

electric field or is moved by a pump 2Z into me u 

hlnnel 38 where the separation of the sample, e.g., filtration, lysation and 
channel 38, where me p ^ & means Qf 

DNA separation, takes place. The first well ™ 

^ - a a shown in more detail in rig. o. a layer ui 

Vieatinff and temperature control, as snown mui 

heating ana l« f a bll fllm 59 as 

tin oxide 57 is first deposited » y ^ metal connection 60 is 

deposited over the tin oxid. fib* 5 7 n th ^ 36 ^ ^ ^ ^ ^ 

deposited along a sidewall of the well, raecwu 
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j • <i QTl j lpads 58 and 60 connect the 

I^t. monitored ^ — * *• — 
10 ' , i a-a «r r>n«*t loaded with a blood affinity binding 

pZ The amount of Leukosorb B employed depends on the area ,n the 
d el l 36 The Leukosorb B filters the blood cells from the blood serum 
XTe A 11 buffer solution is then passed into the first well 36 by means 
sampie. a »a* , ffi ^ OT ,* assist in lysine and washing the 

«f rViannel 38 in an amount sufficient to assist iu iy* e> 

tjzl , the — °: 

F. and 60 m, of Proteinase 
K is then passed into the first well 36 via the channel 38 in an amount 
sufficient to lyse the white corpuscles. The first well 36 is then heated to WC 
foffi^en minutes to cause the desired reaction. The cell was then heated to 
lOOO^forlbout 10 minutes to inartivate the proteinase K follows known 

Pr0Ce Tcause of the high temperatures required in the last two steps a 
significant vapor pressure may develop in the first well36. «--f 

■„ wl directions - back toward the sample loading channel 34 and 
pressure in both unions oa pr e form ed valves 62 and 63 as 

forward to the succeeding second well 40. inus prei .„„,,, 
shown in Fig. 6A, formed of bimetallic materials as described by Jerman et £ 
"Understanding Microvalve Technology", Sensors, September 1994 pp 26-36 
I p"w^ into the channel 38. These materials have a thermal expansion 
S£L When the temperature in the weU 36 is low, the ball valve 62 ,s in 
mismatch, wn fl ffluids mt0 the weU 36, see the arrow 

t "TiTST ^empeTaLe in the well 36 increases, the ball valve 
nZZL* le^L as shown in Fig. 6C, blocking the channel 38 
• "ting the well 36 from the channel 38, thereby prevent** 
passing into and out of the first well 36. By proper placement of the wel 
heir 57 the temperature gradient from the heated well 36 wifi be sufficient 
« X and dose the valves 62. 63, thus eliminating ^ need for separate 
electrical thermal or mechanical control of the valves 62 63. 

Ho'wever, other means may be employed as desired for closer centre . of 
the temperature and pressure in the weu 36. A simple design compn ses a 
small micron si*e sphere 64, such as one made of quartz 
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into the channel 38. However, tne ^advantageous for certain 

succeeding well 42 with this design, which may h. 64 can be 

demented as a. insulating or ™^*^. , J^ „ ope n or 

eternally applied valve 64 on demand, 

close. Such a design will permit closure i 38 

permitting control ^^^^^ P~— 
Such a design may be particularly aavan«,» B 

is carried out on the ^ ^d blood sample is then 

Still referring to *g. «f ^^„ n of the obtained DNA 
transferred to th. .second weu . , ayer of para magnetic 

sample from the first we * mto the „ ell 40 . A minimum 

beads 61 to bind w>th ~ ^ 
of about 10 nanograms of DNA are req electr00pt ic light source 24 

actually in the well 40 can be determine^ by * Ught 
and detector 26 located in the station 16. An 

source 24 is connected to the we.. 40, and can b an^pt, a B-r ^ 

«0 or 600 micron ^^^^ a, 350-260 nm are 
DNA in this example. A 6 A which is connected to 

commercially available. The d in the well 40 to an 

the detector 26 collects and ^ stabilHy . Suitable 

ultraviolet sensitive silicon photodetector 26 having g 

detectors include tbermoelectr^y c ^ „ ^ 
photodetecurs, or miraatur^ed ^^plier-type „ ha8 ^eater 
commercially available. The ph in ^ ^ 

sensitivity. The absorbonce of DNA is known ana 




below. 
TABLE 

SEfideS , n nTMFrn . ny»-- M 

Double stranded DNA gg 
Single stranded DNA 1 4Q 

Single stranded RNA hybridization technique. 

A well known means of assayxng DNA * the hy 

The third well 42 is used for this ^^^^ tedfa|piMa c 
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commercial sources can be used. 

The method most suitable for the microlaboratory array disc 14 for 
assaying DNA is the use of a non-radioactive tag, which can contain a 
fluorlL dye, for example for the Phycobiliprotein, or other class of proten. 
These materials absorb light above 600 nm. A compact sohd state laser 24 
emitting in the 600-650 nm range situate in the station 16 can be «d £ 
produce fluorescence in the tag. The probe in this example will emit above the 
exciting wavelength of 600 nm, i.e., in the 600-800 nm range. The 
Phycobiliprotein fluorescent tag agents are commercially available, e^g 
CygTM from Jackson Immuno-Research Labs. Inc of West Grove PA. The 
fluorescence will be detected by means of the detector 26 also in the station 
16 A filter 68 will also be inserted between the photomultipher photodetector 
26 and the laser 24 as shown in Fig. 6 to block the laser radiation. 

A suitable detector for the fluorescence emitted by the fluorescent tag 
is one having high sensitivity and optimum long term stability Other 
commercially available means for detection of antibodies other han that 
described above can also be employed. For example, enzymes that form 
highly colored products, resulting in detection having excellent sensitivity or 
chemiluminescent compounds can be employed and detected optically 
Radioisotopes can also be used, but their use is being discouraged to prevent 
adverse effects on the operator of the tests, and they present disposal 
problems. The light transmission detection system itself is also located in the 

station 16. 

n] fi 2 Immu n o l o gical Assay 

A second example illustrating the design and utility of a microlaboratory 
disc 114 is shown in Figs. 7A and 7B and is one suitable for carrying out a 
plurality of immunological assays, also in parallel. The station 16, sample 
loading channel 134, and plurality of wells 136, 140, 142 and 144 connected by 
a channel 138 are similar to those of Example 1, but the materials and 
processes carried out in the wells, and the number of wells required, are 

±BBn To carry out an immunological assay, a blood sample or other fluid 
sample of about 100 nanoliters is filtered to obtain a material having sufficient 
antibodies so that an assay can be determined using standard methods for 
detection of select antibodies. The microlaboratory disc 114 is able to process 

200-1000 samples in parallel. 

The initial transfer of a sample to the microlaboratory array 114 is the 
same as for Example 1. The first well 136 is loaded with preselected bound 
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station 16, and the optical detection system 24, 25 and 26 will be up 

transmittance (absorption) measurements. , ditional wells 140 

A series of different antibodies can be placed in additional wells 140, 

, i ♦.««„. 7 for various antibodies in successive 

142 144 and 146 for sequential testing tor various. » 

142, 144 ana J* ber of wells require d will be determined by 

wells, as shown m Fig. 7B. The number ^bodies to be tested, 

the number of appropriate reagents and the number oianuu 

T^tro! leans !71 to control the fluid flow of ^ ^ 

, i. 1 co ...u^v. iQ a switch or valve that controls the 
wil, be enabled by element 62 wh** ™t* ^ 

flow of fluid into the channel US and ,nto the ^ ^ ^ ^ ^ 

magnetic sphere can form a oau vaive uj 

^ S.'o, a ban .alve V* is ntted into the channel 13S on 

b „th sides of the well » A so.ce * — 

channel 138 to control the flow into or out ot tne wen 100, 

cnannei xoo connects to the driving 

the microlaboratory disc 114 will have a ieaa 

method employed, such as the computer 10. 

Tliis example, shown in Fig. 8, illustrates a microlaboratory disc 214 
that ha7a modular design that permits the synthesis of a large array of 
prions or oligonucleotides in parallel. Such synthesis is a great time saver 
VZ testing for example, when a whole series - ^ " * 

svnthesized in each well of an array, and then tested for biologic activity. 

^"example, the synthesis of solid phase ^^^^Z 

rr i oi "The Allvlic Protection Method in Solid- 

been described by Hayakawa et al, of S „Ud-Anchored 
Phase OUgonucleoade Syn^s. ^ in 

DNA Oligomers' , J. Am. Chem. boc, voi i", 

a sequence of eight steps: ^i a /rw 0 PN1 
Step 1: washing the well with acetonitnle (CH 3 CN) 
Step 2: detritylation with 3% CI3CCOOH - CH 2 C1 2 

washing the well with acetonitnle ... 

and 0.5M M-nitrophenyDtetrazole-CHaCN-THF (tetrahydrofuran) 

Step 5: washing the „eU^ ace»n,trUe ^ ^ 

Step 6: capping with Ac2<->-^,t> muaine 

(dimethylamino)pyridine (DMAP)-THF 
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Step 7: oxidizing with 1.1M t-C4H 9 OOH-CH 2 Cl2 
Step 8: washing the well with acetonitrile to remove excess acid. 
After the above 8 steps have been carried out in a reaction well 237 
using different protected monomers sequentially to build up lengths of 
oligomers as desired, additional reagents or solvents can be used to remove 
protective groups used for synthesis prior to disassociating the synthesized 
oligomers from their support. The various oligomers in each well can then be 
prepared for screening. A screening cell 274 can also be built into the well 236 

as shown in Fig. 8. 

In this design, as shown in Fig. 8, a plurality of modules or weUs 236 are 
connected by means of various channels, and a complete synthesis of different 
compounds will be carried out in a single well 236. The additional features of 
this microlaboratory 214 design are in the array design which permits 
controllable and sequential delivery of various reagents and solvents to each of 
the wells in parallel. The reagents and solvents can be stored in reservoirs 
276 278, 280 and 282 built into the microlaboratory array, or they may be 
delivered from reservoirs external to the microlaboratory array, for example in 

the station 16, as desired. 

Figure 8 illustrates a suitable design for a microlaboratory array 
wherein reservoirs 276, 278, 280, 282 for reagents and solvents are included in 
the substrate; and Fig. 9 is a partial schematic view of a system for synthesis 
wherein reservoirs 276, 279, 280 and 282 are added to the station 16, each 
connected to a fluid pump 22 for delivery to the wells of each module. 

Each well in this array has a plurality of horizontal channels 238, 239, 
241, 243, 245 entering and exiting each well 236, and a plurality of vertical 
channels 248, 250, 252 and 254, each of which leads to a different reservoir. 
The reagents and solvents move along the channels by means of gating 
electrodes, as shown in Fig. 7C, that move the fluid along the channels. 

As shown in Fig. 8, reagents are delivered in parallel from the different 
reservoirs 276, 278, 280 and 282 into channels 238, 239, 241, 243 
respectively. Each of these channels has a built in gating electrode 162 to 
monitor the flow of fluids from the different reservoirs into the wells 236 as 
required. In this embodiment, since all of the synthesis reactions take place m 
a single well 236, each well 236 is placed in an array and one or more channels 
lead into and out of each well 236 for delivery of reagents in parallel or serially. 
Thus instead of a modular design, when sequential wells are used for the 
various steps of the process being carried out, an array of like wells 236 is 
used but a different chemical synthesis is carried out in each well. The overall 
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design is no longer a plurality of modules, but an array of we.ls, 
of compounds can be synthesized on a single nucrolaboratory substrate ^214. 

ifter all the synthetic steps are completed, the syntheses can be 
monitored or screening can be conducted by passing a sample mto a screenmg 
cell 274 which can be built into the well 236. 

This type of array can be used to synthes.ze a large number of 
oligomers and peptides which follow a repetitive sequence of steps as above. 
Ennm r'- * Svn tliffr' Small Molecules 

Thil mLolaUtory a„ ay of ^ example 314 « ^ 

produce an array of small molecules, such as a plurality of 

j o- „„* an arrav depends on the delivery of a different 
compounds. Since such an array nepeuua 

starting material for each compound, e.g., methyl-substituted, e&yl- 
substituted, n .pro P yl-substituted, iso-propyl substituted compounds and the 
like, a large array of starting material reservoirs or supply sources wnl be 
5 needed so Lt a different starting material will be delivered to each we 1. Th 

reactants and solvents and reaction conditions, e.g., heating, wll be dehvered 
as required, see Examples 1 and 2. ,,, v 

For example, the synthesis of an array of 1,4-benzod.azeprme 

compounds can be carried out as follows: 
, o Step a): bind the starting material ^ h °™*f M °;°^ 

fluorenylmethoxy oarbonylaminobenzoyloxy-methyllphenoxyacehc acd onto 

aminomethyl resin or its equivalent as a coating matena. on the channel 

^"sup ». remove the 9-fluoreny. methoxy carbonyl (FMOC) protective 

2 5 group from the bound material using piperidine in DMF, suppued from station 

reservoir 376 into the wells 338; ^^.pMOC-amino acid (fluoride) 

Step c): couple an amino acid, aipna in rm^v, 

from a second reservoir 378 in the well 338; 

Step d): remove the FMOC protective group by moving piperidine in 

^ 0 DMF through the wells 338; 

Ste^e): forming a cyclic benzodiazepine derivative w,th 5% acetic acd 

in DMF from a third reservoir 380 in wells 340; 

SUP 0: alkylate with a lithium salt in DMF from a station reservo,r 382 

„ wells 342 that are fitted with a control for ^^^^ 

3 5 by the computer 10, to deliver different alkylating agents « the 

nLolaboratory array 314 selectively, as shown a F,g 10. Thus he 
•reservoir" for the alkylating agent is in reality a source of a whole nes of 
acting agents that can be delivered selectively to a particular well » the 



WO 96/15450 



18 



PCTAJS95/14589 



Th« fluid delivery to the wells can be controlled by a control means 171 
array. The fluid dehvery ^ ^ ^ each 

as shown in Fig. 7C in tnis m<mi«; , CV nthpqis of 

well. However, since each compound re<nnres several - 
the various compounds, several wells may be employed to synthesize each of 
h Zounds and this microlaboratory disc 314 may compnse a plurahty of 



Ztht feature of the present invention is the fabricaUon of cross-over 
channel^ permit high density arrangements of wells/modules in an -ay 
naHan be serviced from more than one channel either to — ^ 
the well out of the well, or to transmit the material being treated to a 
sucked ng well. Such cross over channels can be formed in the following 
nZer deferring to Fig. 11A, a substrate 3H is coated on both s,des w>* a 
first chromium-gold layer 310A and 310B and a photoresist layer 312A and 
" described above. The photoresist layer 312A is exposed and 
developed to form openings 313 for a first channel and *e chromium , .aver 
3l 2A is etched away in the opening 3X3. The glass substrate 314 is then 
"ched through to the chromium-go.d layer 310B fonrnng openings 315 JHie 
photoresist layers 312A and 312B are re-exposed and developed to form . 
second pair of openings 316 and 317 on each side of the glass •*•*•»»£ 
However, the second opening 316 in the layer 312A is perpend.cular toth 
opening 317 in the layer 312B, which is parallel to the opemngs 315 made 
originally. The opening 317 is formed adjacent to the openings 315 already 
ZZZ the glasl substrate 314, as shown in Fig. 

is next etched to open a passage between the openings 315 and 317 thereby 
forming a continuous channel that extends through the gUss substrate 314 
and across beneath the second perpendicular channel 316 as shown in Fi* 
UC. A cover plate 318 will be bonded to both sides of the substrate 314 to 
enclose the crossover channels 315-317-315 and 316 on both sides of the 
substrate 314 and to complete the substrate having crossmg but non- 

intersecting channels, as shown in Fig. 11D. „i, „n „f 

In order to move materials from the reservoirs mto each well of the 
array the material from the reservoir can be injected into one or more the 
Ta^els 316. The material in each channel moves along the channel 316 va 
f^Z action. However, since one or more of the reasons may munre 
m£ .Tless time depending on the amount of material 
comoensate for faster or slower movement of certain matenals through 'he 
3eT?hrma,erial flow in the channels preferably can be controlled by 
me3of a drain electrode deposited in each well, and in each reservoir and in 
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11 a- „Wn the reservoir to the respective well. By creating a 

which is a top view which shows a drain electrode 44u a p 
d^fi in a channel 438, and in the reservoir 442 . 

' A deTed microlaboratory array can be designed to carry out a wide 
variety of tests and syntheses rapidly, reliably, inexpensive* and in paraUel 
variety on Furt her because of the integration of the 

greatly reducing costs. Further > meaauring and recording 

microlaboratory array and means ^ ted and 

information, records of tests and screening data ^are ^rei y g 
stored Since genetic screening may become the blood tests of the future the 
stored, oinceg , Q „^lv reliablv and at low cost, will be highly 

ability to perform DNA testing rapidly, reiiaoiy ana 

^ "hough the present invention has been Scribed ta t™, of 
particuUrexaMpii, the invention * not meant to be linked to the detail^ 
*2 Ze. One skilled in the art can readily substitute .different m^amcal 
I electrical means of transferring fluids through the channels and wells, of 
substituting various bonding agents, starting materials and reagents to 
substituting variu and to form the wells, channels and 

perform different assays and syntheses, ana to re „„ mo l e 
devices in the channels and wells by alternate ™ th ^ J°*™^ 
integrated circuits can also be employed to move fluids and monitor and 
n^ Tills of the arrays using conventional semiconductor techno s and 
materials Semiconductor technology can also be used to form leads 
Icel and the like. Thus the invention is only to be limited by the scope of 
the following claims. 
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We Claim. 

1. A system comprising 

an array of wells in a dielectric substrate connected to each other by a 

channel, said channel connected to a fluid sample source, 

a station housing a support for said array electrically connected to said 

array, and , , 

an apparatus electrically connected to said station for controlling the 

flow of fluids to said array. 

2 A system according to claim 1 wherein said station contains an optical 
system comprising one or more light sources and one or more light detectors 
for monitoring said fluids in said channel. 

3 A system according to claim 2 wherein said light source and light 
detector monitor the amount of fluid sample transferred to said array from 
said fluid sample source. 

4. A system according to claim 1 wherein said station further includes a 
fluid pump for controUably transmitting fluids to said array. 

5 A system according to claim 1 wherein said sample is loaded into said 
array by means of a system loading channel connected to a loading capillary 
channel in said substrate. 

6 A system according to claim 1 wherein said wells and channel are 
grouped in a module comprising a plurality of wells connected by a channel, 
said modules connected to a loading channel for passing fluids into the wells. 

7 A system according to claim 6 wherein a plurality of modules are 
present in said substrate and said loading channel can pass fluids into said 
modules in parallel. 

8 A microlaboratory array for parallel processing comprising a dielectric 
substrate having one or more modules therein, said modules comprising one or 
more wells connected by a channel for the passage of fluids into and out of the 

wells. 

9. An array according to claim 8 wherein the substrate is a high melting 

temperature glass. , t , 

10 An array according to claim 8 wherein each module channel is 

connected to a single loading channel for passing fluids into said modules 

11. An array according to claim 8 wherein said array comprises modules for 

assaying DNA from a fluid sample. 

12 An array according to claim 11 wherein a well has a conductive layer of 
metal oxide deposited therein and a thin film bilayer thermocouple deposited 
thereover and leads in the well connected to electrodes on the substrate for 
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temperature control of the well. electrodes deposited 

to produce reversible fluid movement in said well. 
14 A method of assaying DNA which comprises 

™L e a liquid blood sample into a loading channel of an array of 
moduT— dT Parallel, each module having four wells and a connectmg 

"oving said sample into a first well for filtering, lysing and separating 

^ moving the DNA fraction to a second well wherem DNA is separated 

^tg^ptto a fourth well for optica, detection and 

measurement of DNA in the sample 

15. A method according to claim 14 wherein a red C0 JP 

the lysing material after reaction is complete. 
18. A Lthod of making a dielectnc substrate array comprising 
etchine a loading channel in said substrate 

S a Pi- Jty of modules comprising at least one well and at least 
one channel into said well connected to said loading channel 
deDOsiting at least one thin conductive layer in a well, 
SEE an electrode on »id substrate and ~ 
said conductive layer and said electrode to connect said modules electrically. 

"* sealing a cover plate over said substrate to complete formation of the 
chaimela ' ». . ,g wherein said channels and wells are 

sTl method of performing an immunological assay comprising 



WO 96/15450 



22 



PCT/US95/14589 



moving a liquid sample containing antibodies into a loading channel of a 
dielectric substrate having on a surface thereof an array comprising a loading 
channel connected to a channel connected in turn to a well, 

moving said sample into said first well containing preselected bound 

antibodies on a well wall, 

passing a reagent to bind the antibody in the sample to the well, 

moving a solvent to remove excess reagent from the well, 

measuring the transmittance of the contents of the well and comparing 

to the transmittance of known antibodies. 

21 A method according to claim 20 wherein a plurality of wells is connected 
to a single channel to form a module for carrying out sequential steps in 
different wells. 

22. A method of forming perpendicular, separate channels in a dielectric 

substrate comprising 

depositing a first and second etch resistant metal coating to both sides 

of said substrate, 

depositing a first photoresist layer over said first metal coating, and 
exposing and developing said photoresist to form one or more first openings in 
s&id l&yer, 

etching said exposed dielectric substrate to the second metal coating, 
exposing and developing said first photoresist layer so as to form an 
opening perpendicular to said first openings, 

etching said substrate through said perpendicular opening to form a 

channel in said substrate, 

depositing a second photoresist layer over said second metal coating, 
exposing and developing said photoresist to form a second channel 

adjacent to said first openings, 

etching said first openings to open a via to said second channel, 

sealing a cover plate to both sides of said substrate. 
23. A system for processing a plurality of samples in parallel using a 

microlaboratory array comprising: 

a) a substrate microfabricated to define at least one sample channel for 

moving a sample into the microlaboratory array; 

b) a plurality of wells; and 

c) a plurality of channels for connecting said plurality of wells; 

d) a support station for housing the microfabricated substrate, said 

support station including 

i) an optical system, electrically coupled to said microfabricated 
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subsets having a light source and a light detect for measuring the sample; 

ii) a pump electrically coupled to said microfabricated substrate 

fOT m °7,Z7£^y -p" - -a—— 4 - °™ fOT 

^^^^^^Zt^Lu are arranged in 
24 A system according to claim 26 wnerein 

Parallel modules so that a plurality of samples can be processed » parallel _ 
2" A system for synthesizing a plurality of compounds ,n parallel 

conmrisine a microlaboratory array including ,.«.♦»,., 
^substrate including a sample channel for moving a sample ,nto the 

microlaboratory array; 

b) a plurality of wells; 

c) a plurality of channels for connecting said wells; 

d a station for housing the microlaboratory array, said st^on includuig 
i) optical means for detecting and measuring the sample; 
U) pump means for pumping the sample through the array; and 
iii) control means electrically connected to said substrate for 
monitoring and controlling synthesis of the plurality of compounds. 
^ "ysTem according to claim 25 wherein the weUs are arranged in 
Tarallel modules so that a pluraU.0 f ^~»J^^ 

!Lrii^ 

fror^ array said station including electro-optic means for perform ng 
'Zrt^—n^ and said station electricaUy connected to control 
means for controlling the amount of fluid dispensed to the array. 
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Fig. 3 
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Fig. 4A 



WO 96/15450 



PCT/DS95/14589 




6/18 



Fig. 4B 
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Fig. 5A 
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Fig 5B 
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FIG. 6A 
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FIG. 7B 
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Fig. 7C 
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